membrane for these studies because of its relative simplicity and ready availability. The general approach has been to compare the membrane proteins which are modified, after exposure to different membrane preparations to the reagent, by sodium dodecyl sulphatepolyacrylamide-gel electrophoresis. The reaction of intact erythrocytes (in which only the extracellular surface of the membrane is accessible to the reagent) and unsealed erythrocyte 'ghosts' (which have both membrane surfaces accessible to the reagent) are usually compared. Various derivative sealed erythrocyte membrane preparations have been studied in a similar manner. These include 'inside-out' and 'right-side-out' vesicles (Kant & Steck, 1972) and 'resealed ghosts' (Passow, 1969) . Manipulation of these preparations allows the selective exposure of either the extracellular or cytoplasmic side of the membrane to the impermeable probe.
Several types of probe have been used in this way. Proteinases (Bender et a] ., 1971 ; Steck, 1972a) have the disadvantage that they cleave and may therefore modify the structure of proteins accessible to them. Small chemical labelling reagents which have been used include diazotized [3SS]sulphanilic acid (Berg, 1969) and f~rmyl[~~S]methionyl sulphone methyl phosphate (Bretscher, 1971a,b) . The lactoperoxidase-mediated iodination of proteins has been used in a similar way (Phillips & Morrison, 1971 ; Hubbard & Cohn, 1972) , and has been widely employed to study the proteins accessible at the surface of a variety of cell types. However, difficulties may be expected when the latter method is used on membranes which are actively carrying out redox reactions. Despite their individual disadvantages, the results derived from the use of all these reagents agree that only two of the major erythrocyte membrane proteins penetrate the membrane and are accessible at the outside surface of the cell, whereas the remaining proteins are present at the inside face of the membrane. The first result depends on the assumption that no gross change occurs in the structure of the erythrocyte membrane proteins when the cells are lysed. Peptide-'mapping' studies (Boxer et al., 1974 ) support this assumption, as do comparative studies of the reaction of a pair of impermeable and permeable acetimidates with intact erythrocytes and erythrocyte 'ghosts' (Whitely & Berg, 1974) . Steck & Dawson (1974) have extended this approach to study the topographical distribution of carbohydrates in the erythrocyte membrane. D-Galactose and N-acetyl-D-557th MEETING, LTVERPOOL galactosamine, which are present in complex membrane carbohydrates, were labelled by oxidation with galactose oxidase followed by reduction of the resulting aldehyde groups with tritiated borohydride. The labelling pattern of the intact erythrocyte was compared with that of the erythrocyte 'ghost'. Steck & Dawson (1974) conclude that all of the reactive glycoprotein and glycolipid sugars are present at the external face of the membrane.
The structural data that are available for isolated intrinsic membrane proteins, in combination with the results of studies with impermeant probes, support the suggestion that these proteins are amphiphilic in character (Singer & Nicholson, 1972) . The best-known example is the erythrocyte sialoglycoprotein, one of the major penetrating erythrocyte membrane proteins. This protein, studied by Marchesi and co-workers (Segrest etal., 1972 (Segrest etal., ,1973 , has three distinct regions along its sequence. The extracellular, N-terminal, region is heavily glycosylated and is joined to the polar, carbohydrate-free, intracellular C-terminal region by a relatively hydrophobic length of polypeptide. This sequence, which contains 23 amino acids, is believed to have an a-helical structure and is probably associated with the hydrophobic region of the membrane. Similarly, microsoma1 cytochrome b5 consists of two distinct regions, a polar globular region, which contains the catalytic site of theenzyme, and a short hydrophobicregion, which plugs the enzyme into the microsomal membrane (Spatz & Strittmatter, 1971) . The polypeptide chain of the major penetrating erythrocyte membrane protein [band 3 (Fairbanks et al., 1971) or protein E (Tanner & Boxer 1972) ], penetrates the membrane twice and has a duplicated set of sites at the external face of the membrane (Jenkins & Tanner, 1975 ). This protein is thought to be involved in erythrocyte anion transport (Cabantchik & Rothstein, 1974) .
The association of membrane proteins with each other and their distribution in the plane of the membrane have been studied by using protein cross-linking reactions and freezeetch electron microscopy. Freeze cleavage of erythrocyte membranes exposes a random array of Wnm-diameter particles which lie within the membrane (Weinstein, 1969) . Both the sialoglycoprotein and band 3 are present in these particles (Pinto da Silva & Nicholson, 1974) . These particles also appear to interact with an intracellular membrane protein, spectrin, which forms a filamentous network at the inside face of the erythrocyte membrane (Nicholson & Painter, 1973) . Cross-linking studies suggest that band 3 is present in a dirneric form in the membrane (Steck, 19726) . In addition band 3 appears to be specifically and tightly associated with the glycolytic enzyme glyceraldehyde 3-phosphate dehydrogenase (Kant & Steck, 1973) . The latter enzyme is present at the internal face of theerythrocyte membrane. Other cross-linkingexperiments suggest a variety of association between erythrocyte membrane proteins (Steck, 19726; Wang & Richards, 1974) . It is clear that a complex set of associations exists between the different proteins in the erythrocyte mcrnbranes. It is becoming possible to build up a detailed picture of the molecular architecture of the erythrocyte membrane.
For simplicity, the present account is limited to a discussion of selected components of the mitochondria1 inner membrane. The examples chosen arise from a consideration of some of the approaches that have been used to study the distribution of proteins in this membrane system. These approaches have, in general, been concerned with providing answers to two questions: what is the orientation of the protein relative to the 'sidedness' of the membrane, and what is the distribution of the protein (particularly relative to other components) within the plane of the membrane?
Sidedness
The mitochondria1 inner membrane is rich in systems showing vectorial properties. Further, after sonication of intact mitochondria, the inner membrane fragments to form vesicles with inverted vectorial properties. This means that we can usefully compare the response of mitochondria and submitochondrial particles to agents which cannot penetrate the inner membrane. For example, oxidation of a permeant substrate such as succinate is found to be inhibited by antibody against cytochrome c in intact mitochondria but not in submitochondrial partles (Racker et al., 1970) . If, however, the antibody is trapped inside the vesicles when they are prepared, inhibition of respiration does occur. The functional location of cytochrome c would therefore appear to be on the side of the inner membrane facing the outer membrane in intact mitochondria. This conclusion is strengthened by the observation that cytochrome c can be readily removed from swollen mitochondria by salt, whereas it cannot be extracted from submitochondrial particles under the same conditions. The location of cytochrome c on the outside face of the inner membrane in mitochondria has led to the useful designation of this side of the membrane as the 'C-side'. The inner side of the inner membrane has been designated the 'M-side', because in intact mitochondria this side faces the matrix. Inhibition of function by antibody binding has similarly been used to confirm the location of the mitochondria] ATPase (adenosine triphosphatase) on the M-side of the inner membrane (Racker et al., 1970) . Location of cytochrome c oxidase is slightly more complicated. Antiserum against this enzyme inhibits function in both mitochondria and submitochondrial particles (Racker et al., 1970) . Cytochrome c oxidase therefore appears to span the membrane and to be partially accessible to macromolecular inhibitors from either the M-side or the C-side. Oxygen reduction by the cytochrome a3 of the oxidase probably occurs on the M-side. The inhibitory properties of azide are interesting in this
